With the assistance of Bruno P. Tolge, A.B. R ECENT studies indicate that under certain conditions the ventricle is capable of developing' subatmospheric or "negative" pressure during diastole. From such studies it can be inferred that ventricular diastolic filling is due to a positive atrioventricular pressure gradient which results from a suction effect produced by the ventricle as well as by pressure developed by returning venous blood. Brecher* points out that such a concept is by no means a new one but dates back over several centuries. Experimental support, however, did not appeal 1 until the first part of the nineteenth century. 1 Later, ventiucular suction was not considered as a factor concerned in diastolic filling because, with the use of high frequency manometry, it was impossible to demonstrate subatmospheric pressures in the normal ventricle. 2 It has been pointed out, 3 however, that the absence of subatmospheric pressure in the normal ventricle does not rule out the capability of the heart to develop negative pressures.
R ECENT studies indicate that under certain conditions the ventricle is capable of developing' subatmospheric or "negative" pressure during diastole. From such studies it can be inferred that ventricular diastolic filling is due to a positive atrioventricular pressure gradient which results from a suction effect produced by the ventricle as well as by pressure developed by returning venous blood. Brecher* points out that such a concept is by no means a new one but dates back over several centuries. Experimental support, however, did not appeal 1 until the first part of the nineteenth century. 1 Later, ventiucular suction was not considered as a factor concerned in diastolic filling because, with the use of high frequency manometry, it was impossible to demonstrate subatmospheric pressures in the normal ventricle. 2 It has been pointed out, 3 however, that the absence of subatmospheric pressure in the normal ventricle does not rule out the capability of the heart to develop negative pressures.
Eenewed interest in the problem was sparked by the observation of Bloom 4 that the isolated rat heart is capable of filling and expelling fluid from its ventricles without benefit of a positive filling pressure. Subsequently, a number of investigations have dealt with the demonstration of negative diastolic pressure under various experimental conditions. Studies on dog, :1 ' r ' 7 turtle, 8 ' 9 and frog 1 " hearts indicate that these species are also capable of developing ventricular suction.
The following experiments were performed in an attempt to gain more information concerning the ability of the dog ventricle to develop negative diastolic pressure. Hypothermia was employed to slow the dynamics of the heart beat.
Methods
Mongrel dogs weighing from 11.8 to 33.0 Kg. were utilized in this study. The animals were anesthetized with sodium puntobarbital (30 mg./Kg., i.v.) and subjected to a conventional Starling heartlung preparation with slight modifications. 11 After the heart-lung preparation was established, a ligature was placed around the mitral orifice by the technic described by Ellison et al. 1 -The 2 ends of the ligature were threaded through a metal cannula and allowed to rest loosely. A glass cannula (outside diameter 11 mm.) was passed into the left ventricle via the left atrium and was tied firmly at the left atrial appendage. Attached to the cannula by means of Tygon tubing was a reservoir which contained approximately equal parts of blood and Ringer-Locke solution. When the ligature around the mitral orfice was tightened, inflow to the left ventricle was from this reservoir. A rubber flap valve allowed blood to flow from the reservoir to the ventricle but prevented regurgitation from ventricle to reservoir. Inflow to the left ventricle could be stopped suddenly by closing a stopcock which was placed in the artificial circuit. Attached to the stopcock was a inicroswitch which, when contact was made, caused a deflection of a light beam on a recording oscillograph. In this manner, it was known when inflow to the ventricle was stopped or started.
Pressures were recorded by use of Statham pressure transducers coupled to a Hathaway carrier amplifier and photographic oscillograph. Left ventricular pressure was obtained by thrusting a no. 15 gage needle through the ventricular wall.
In some experiments, pressure was recorded from the rubber tubing leading from the brachiocephalic artery. Reference zero pressure was established, in most experiments, with respect to the ventricular midpoint; in a few, it was established by flooding the chest with saline and taking the surface of the saline lake as the reference zero. 5 The basic experimental plan is shown in figure 1 . Pressure tracings were obtained before tightening the mi-s. c.
Lig.

Figure 1
Diagram, of procedure as described in text. M, pressure transducer; Lig., ligature; F.V., flap valve; S.C., stopcock.
tr;il ligature after the ligature was secure (while the left vi'iitriclo was being perfused from its resorvoir) and again when the ligature wns loosened.
The temperature of the water bath surrounding the venous reservoir was adjusted in order to allow the temperature of the circulating blood to reach approximately 27 C. Technically satisfactory experiments were obtained in 14 preparations.
Results
A representative experiment is shown in figure 2 . The upper recording illustrates the pressures obtained from the tubing leading from the bracliiocephalic artery, and the left ventricle, of a heart-lung preparation after all the surgical preparations had been completed. The mitral ligature was then tightened so that left ventricular filling had to occur from the artificial reservoir. As shown in the lower recording, the tubing from this reservoir was closed for approximately 3 beats during which no ventriciilar filling could occur.
Examination of this record reveals 2 interesting features. After closure of the reservoir stopcock, early ventricular diastolic pressures became significantly subatmospheric (-4, -11, -5 mm. Hg), contrasting with the control beats where slightly positive pressures of about +3 min. were recorded. Of even greater interest is that careful inspection of the diastolic tracing during the 2 beats where the circuit remains closed reveals that although the pressure remains subatmospheric throughout the entire cycle, there is a definite rise in the pressure during these isometric diastoles amounting to 4 and 3 nun. ITg, respectively.
A similar experiment is illustrated in figure  3 where possible errors in establishing the hydrostatic zero were eliminated by flooding the chest with saline. Except for the first 2 beats, which illustrate the pulses obtained with normal heart-lung circulation, the record is continuous. The third beat, obtained during perfusion from the artificial reservoir, yielded a diastolic pressure of 0. After c!osure of the stopcock which prevented all ventricular inflow, early diastolic pressures were -7, -5, -12, -10, and -7, respectively. This subatmospheric pressure did not remain constant, however, and rose to values of -5, -2, -5, and -6 in those cycles where ventricular filling was prevented. Table 1 gives average systolic and minimal diastolic pressures from the 14 experiments in which successful occlusion to ventricular filling was obtained.
The rise in diastolic pressure during intervals where all filling was presumed to be closed off could raise suspicions that complete obstruction to filling had not been achieved. This appeared unlikely because the phenomenon was still observed when the mitral ligature was pulled so tight as to damage the heart, as evidenced by arrhythmias and occasional cuts through the tissue. An independent check of this was obtained, however, by experiments in isolated cat hearts employing quite different technics. A cat heart was set up in a bath so that pressure-volume studies could be carried out in a manner somewhat similar to that reported by Hild and Sick. 13 Withdrawing the contents of the ventricle rapidly in such preparations produced a significantly subatmospheric pressure, which tended to return slowly towards atmospheric even though no fluid was allowed to reenter the ventricle.
Discussion
These experiments add additional support to the thesis that the heart is capable of developing suction during diastole. The important characteristic of the technic employed here was the sudden occlusion of venous return which permitted the measurement of subatmospheric pressures within a ventricle immediately after a "normal" beat against a wide range of arterial pressures, as shown in table 1. Thus, negative pressures were noted to occur after systolic pressures that averaged 102, down to 35 mm. Hg. The enddiastolic pressures as seen in figures 2 and 3 show that although the pressure remains subatmospheric throughout the entire length of diastole, it is dissipated somewhat.
The results obtained in these experiments are smiliar to those obtained by others who used normotherinic animals. 5 The experiments of Brecher and Kissen G indicate that the greatest subatmospheric pressure is reached at zero volume. This is also true for the isolated cat heart. However, in the dynamically beating heart with sudden changes in filling, the data obtained in the present experiments suggest that factors other than heart volume are critical for determining the degree of negativity developed during diastole. This is suggested in table 1, where it is evident that the degree of negativity does not correlate with the systolic pressure recorded, even though the magnitude of the systolic peak should reflect in part the degree of cardiac filling. In several experiments where the heart size was reduced by each successive systolic ejection, there was no indication of a progressively greater negativity in successive beats. In some instances, the greatest negativity was developed in the Circulation Research, Volume VIII, September 1960 earliest beats Avith progressively less negativity as the heart volume became smaller.
J.t has been generally accepted that the negative pressure is due to elastic recoil of the ventricular wall."'-'"• 1(i Rushmer 1 " points out that during systole interfascicular tension is developed which does not contribute to ejection, lie states that it is possible for such tension to be released during diastole and thus aid in returning the ventricle to its diastolie size.
A simple recoil explanation is challenged by the fact that these experiments give no evidence of correlation of the degree of negative pressure developed with heart size. Contraction of the myocardium must compress certain tissue elements which possess visco-elastic properties. When diastolie relaxation takes place, these compressed elements produce an elastic strain in adjacent elements, which subsides to some degree as visco-elastic adjustment of the compressed elements takes place. This type of mechanical relationship is quite compatible with the mechanical models of muscle which Abbott and Lowy 17 and others have proposed. The importance of this visco-elastic component is that its influence would be conditioned, not only by the diastolie size of the ventricle, but also by the degree of compression which occurs during the systolic contraction. The stronger the contraction, the greater the energy of compression which will be dissipated by visco-elastic adjustment during diastole. It is thus conceivable that a forceful contraction of a large heart might be able to develop more diastolie suction than a weak contraction of a small heart, as is suggested by the data in table 1. The effective suction force Avould therefore be related to both the force of systolic contraction and the geometry of the relaxed ventricle.
It is interesting to note that the visco-elastic stress relaxation creates a diastolie pressure curve in the hearts shown in figures 2 and 3 which are suggestive of a "filling" curve, even though no filling was occurring. This raises the possibility that this same phenomenon might contribute to the normal diastolie curve. Thus, the normal diastolie curve would represent, a prolonged visco-elastic recovery from the previous systole combined with elastic distension due to filling.
It has been suggested that diastolie suction can aid but little in the filling of the heart of the normal organism. 18 These experiments suggest that the mechanism for production of diastolie suction is operative at all times. Whether or not it contributes significantly to filling will depend upon the relative ease by which blood is returned to the ventricular chamber. When the pressure gradient created by the return of venous blood is low, or when resistance to flow into the ventricular chamber is high, 15 ' 1!) ' 20 this mechanism should be an auxiliary aid to diastolie filling of increasing importance.
Summary Pressure relationships in the left ventricle of the dog were studied under conditions in which left ventricular inflow was controlled by means of an artificial circuit. Hypothermia was used to slow the dynamics of the heart beat. When all inflow to the left ventricle was suddenly stopped, the succeeding beats showed negative diastolie pressures. The greatest drop in pressure occurred early in diastole; in most instances, eud-diastolic pressures remained negative. Early diastolie pressures before occlusion average +2.6 mm. Pig; early diastolie pressures after occlusion of inflow averaged -4.7 mm. Hg. A physical model was proposed which could explain the occurrence and decay of the observed subatmospheric pressure. These experiments indicate that diastolic suction can be a factor that accomplishes ventricular filling during diastole in a heart following systolic discharge against a wide range of aortic pressures. siiiistro-vciitrjculiir esseva regulate per medio de un circuito artificial. Hj'potlierniia essova usate pro re-Icntar lo dynnmica del pulso del corde. Quaiido le influxo :i in le ventriculo sinistrc esseva subiteinente o completemente suspendite, le sequento pulsos monstrava un negative prcssion diastolic. Le plus marcate reduction del prcssion occurreva tosto in le diastole. In lo majoritate del casos, le pressiones tcrmiuo-dinstolic remaneva negative. Le pressiones diastolic initial (ante le occlusion) lia un valor medic de +2,0 nun de Hg. Le pressiones diastolic initial (post le occlusion) liabcva un valor niedie de -4,7 nun de Hg. TJn modollo pliysic es proponito que poterea, explicit r le occurrente e le disintegration del observate prcssion subatmosplieric. Le experimentos indica que suction diastolic pote esser un factor que effectua le replenation ventricular durantc le diastole in un cordc post discarga systolic contra un extense gaina de pressiones aortic.
